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Abstract
In November 2011 51 Libyan war casualties were admitted to the
Major Incident Hospital in Utrecht and from there were trans-
ferred to 26 other Dutch hospitals. Cultures and clinical data were
collected to establish the prevalence of multidrug-resistant (MDR)
bacteria in this patient group and to identify the associated risk
factors. The prevalence of MDR bacteria was 59% (30/51 patients);
extended spectrum b-lactamase-producing enterobacteriaceae
were most common (26/51 patients: 51%). The major risk factor
for carriage of MDR bacteria was the presence of open wounds at
admission to the Major Incident Hospital.
Keywords: Colonization, Libya, microbiology, multidrug-
resistant bacteria, war casualties
Original Submission: 2 October 2012; Revised Submission:
7 December 2012; Accepted: 17 December 2012
Editor: J.-M. Rolain
Article published online: 13 January 2013
Clin Microbiol Infect 2013; 19: E285–E287
10.1111/1469-0691.12135
Corresponding author: M. B. Ekkelenkamp, Department of Medical
Microbiology, University Medical Centre Utrecht, 3584 CX Utrecht,
Utrecht, the Netherlands
E-mail: m.ekkelenkamp@umcutrecht.nl
In February 2011 an uprising against the Libyan regime
developed into a civil war. The Dutch government decided
to offer humanitarian aid and in November 2011 51 Libyan war
casualties were transported to the Netherlands and admitted
to the Major Incident Hospital located at the University
Medical Centre (UMC) Utrecht in the Netherlands. The
casualties were selected in Libya by a team of Dutch surgeons,
based on the patients’ probable need for (additional) surgical
treatment. At the Major Incident Hospital a first triage was
performed, and standardized patient data were recorded
before patients were transferred to other Dutch hospitals for
specific treatment. Reliable data on colonization rates with
multidrug-resistant (MDR) bacteria in these patients were
lacking. However, based on the scarce reports available [1],
the experiences with repatriated war casualties from Iraq and
Afghanistan [2,3] and preliminary reports from hospitals in
France and Malta, it was expected to be high. Therefore, upon
arrival, all patients were screened for colonization with MDR
bacteria.
The following cultures were performed: methicillin-resistant
Staphylococcus aureus cultures of nose, throat and perineum in
oxacillin-containing enrichment broth, vancomycin-resistant
enterococci cultures of perineum in vancomycin-containing
enrichment broth; perineum cultures for aminoglycoside-
resistant gram-negative bacteria in tobramycin-containing
enrichment broth and perineum cultures for extended spec-
trum b-lactamase (ESBL) -positive enterobacteriaceae on
chromogenic screening agar (ESBL Brilliance; Oxoid, Basing-
stoke, UK). Where applicable, regular cultures of wounds and
catheter-urine were also performed. MDR bacteria were
defined according to the criteria formulated by the Dutch
Working Group for Infection Prevention (WIP) [4]. Patients
were hospitalized in a cohort taking hygienic precautions for
MDR bacteria. After transfer to a second hospital, cultures
were repeated according to the WIP guidelines; isolation
measures were lifted only if these were cultures negative. The
culture results of all involved hospitals were combined for this
study.
Patient data and presumed risk factors for carriage of MDR
bacteria were extracted from patient records at the Major
Incident Hospital. The risk factors were analysed by chi-square
test or Fisher’s exact test where appropriate; risk factors with
a p value <0.1 in univariate analysis were subsequently analysed
by multivariate logistic regression.
In total, 51 patients were admitted at the Major Incident
Hospital over 5 days. The mean age was 30 years and all
patients were male. Sixteen war casualties were directly
transferred from a Libyan hospital and 16 additional casualties
had been admitted to a Libyan hospital in the preceding
2 months. All patients had received medical care in Libya.
Twenty-six patients had been hurt by gunshots, 15 by grenades
or missiles, 12 by blunt trauma and three had burn wounds
(five patients had injuries with multiple causes). The mean
length of stay at the Major Incident Hospital was 1.5 days and
47 of the 51 patients were transferred to their ultimate
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hospital within 48 h. The remaining four patients stayed at the
UMC Utrecht. In all, 32/51 (63%) patients had previously been
admitted to a Libyan hospital and 16/51 (31%) had received
antibiotic treatment in Libya (excluding perioperative antibiotic
prophylaxis). Thirty-four (67%) patients had open wounds, 23
(45%) had cut wounds, 21 (41%) had gunshot wounds, five
(10%) had excoriations and three (6%) had burns. Patient
characteristics and putative risk factors for colonization with
MDR bacteria are summarized in Table 1.
Thirty (59%) patients were colonized with MDR bacteria.
ESBL-producing enterobacteriaceae were found in 26 (51%)
patients, aminoglycoside-resistant enterobacteriaceae in 16
(31%), MDR Acinetobacter spp. in 15 (29%), methicillin-resistant
Staphylococcus aureus in five (10%), carbapenemase-producing
enterobacteriaceae in four (8%), MDR Pseudomonas aeruginosa
in three (6%) and vancomycin-resistant enterococci in one
(2%) patient (Table 2). In the preliminary cultures drawn at the
UMC Utrecht, 34 (types of) MDR bacteria were cultured from
25 (49%) casualties. Colonization with an additional 16 MDR
bacteria was demonstrated when the cultures were performed
in the ultimate hospitals as stipulated by the WIP guidelines;
five additional patients were found to be colonized with MDR
bacteria at this point.
Using univariate analysis the risk factors associated with
colonization with MDR bacteria were: previous hospital
admission in Libya, previous antibiotic treatment in Libya,
and the presence of open wounds at admission to the UMC
Utrecht. Using multivariate analysis open wounds at admission
remained a statistically significant risk factor (OR 12.7; 95% CI
2.6–62.1; p 0.002); the other two putative risk factors lost
significance in multivariate analysis, possibly because of the
limited number of included patients.
Since the end of the war in Libya a limited number of
reports on MDR pathogens in the civil war casualties have
become available. A study of surgical site infections in Tripoli
found a high incidence of MDR Acinetobacter baumannii, MDR
P. aeruginosa and ESBL-positive enterobacteriaceae (in fact, all
cultured enterobacteriaceae were ESBL-positive) [5]. In
another report, 25 patients transferred to two Slovenian
rehabilitation facilities were screened for colonization with
MDR gram-negative bacteria [6]. In four patients ESBL-
producing enterobacteriaceae were demonstrated, and one
of these patients also carried a carbapenemase-producing
Klebsiella pneumoniae (OXA-48). These relatively low coloni-
zation rates—when compared with the findings in our study—
may be explained by the fact that none of the patients were
directly transferred from a Libyan hospital, and the patients
may, therefore, have suffered less from persisting open
wounds. Furthermore, the set of screening cultures was
limited to a single rectal swab. Indeed, we found that for a
reliable inventory of MDR colonization rates, the set of
cultures performed upon arrival at the Major Incident Hospital
did not suffice. Sixteen of the 50 MDR bacteria (32%) were not
found with the initial set of cultures, highlighting the impor-
TABLE 1. Risk factors for colonization with multidrug-resistant (MDR) bacteria in 51 Libyan civil war casualties admitted to
Dutch hospitals
Colonization with MDR bacteria Univariate analysis Multivariate analysis
Yes (n = 30) No (n = 21) p value OR 95% CI p value OR 95% CI
Hospital admission in Libyaa 23 (77%) 9 (43%) 0.014 4.4 1.3–14.7 n.s. 2.4 0.5–10.6
Antibiotic treatment in Libya 14 (47%) 2 (10%) 0.005 8.3 1.6–42.2 n.s. 5.2 0.8–34.6
Peripheral line in Libya 20 (67%) 9 (43%) n.s. 2.7 0.8–8.4
Operation in Libya 13 (43%) 7 (33%) n.s. 1.5 0.5–4.9
Previous medical historyb 3 (10%) 0 n.s.
Medical condition at admission to Major Incident Hospital
Fever 6 (20%) 2 (10%) n.s. 2.4 0.4–13.1
Coughing 5 (17%) 2 (10%) n.s. 1.9 0.3–10.9
Open woundsc 27 (90%) 7 (33%) <0.001 18.0 4.0–80.6 0.002 12.7 2.6–62.1
Presence of deep wounds 5 (17%) 1 (5%) n.s. 4.0 0.4–37.1
aHospital admission in Libya in the 2 months before admittance at the Major Incident Hospital, for 24 h or more.
bTwo patients had a history of hypertension and one patient had a history of diabetes mellitus.
cOpen wounds at transfer to the Netherlands.
TABLE 2. Multidrug-resistant bacteria cultured from 51
Libyan war casualties transferred to the Netherlands
Type of multidrug-resistant bacteria Patients n (%)
Multidrug-resistant bacteria (any) 30 (59)
Multidrug-resistant Acinetobacter spp. 15 (29)
Multidrug-resistant Pseudomonas aeruginosa 3 (6)
ESBL-producing enterobacteriaceaea 26 (51)
Aminoglycoside-resistant enterobacteriaceaea 16 (31)
Carbapenemase-producing enterobacteriaceaea 4 (8)
Methicillin-resistant Staphylococcus aureus 5 (10)
Vancomycin-resistant enterococci 1 (2)
Colonization with one type of MDR bacteriaa 14 (29)
Colonization with two types of MDR bacteriaa 13 (25)
Colonization with more than two types of MDR bacteriaa 3 (6)
ESBL, extended spectrum b-lactamase; MDR, multidrug-resistant.
aCarbapenem-resistance, aminoglycoside-resistance and production of ESBL
mostly overlapped in enterobacteriaceae: the three types of resistance were
grouped together as a single type of MDR bacteria when counting the number of
different types of MDR bacteria with which a patient was colonized.
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tance of performing a complete screening according to the
established guidelines [4].
In the Netherlands, as a result of stringent infection-
prevention policies, the spread of MDR pathogens is relatively
limited [7]. The Dutch infection-prevention guidelines recom-
mend isolation and screening measures for all patients
transferred from foreign hospitals. Considering the exception-
ally high carriage rates of MDR bacteria in this group of military
casualties, it is advisable for hospitals in all countries to
implement appropriate screening measures when admitting
patients from similar war-areas, in particular for patients with
open wounds, patients who have previously been admitted to a
local hospital and those who have received antibiotic therapy.
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